Four essential oils from the leaf (P23) and rhizomes (P19, P22, P24) of Acorus calamus L., collected from various parts of Nepal, were obtained by hydrodistillation and analyzed by GC-MS. From a total of 61 peaks, 57 compounds were identified among the four essential oils accounting for 94.3%, 96.2%, 97.6%, and 94.1% of the oils, respectively. All of the essential oils were dominated by (Z)-asarone (78.1%-86.9%). The essential oils also contained (E)-asarone (1.9%-9.9%) and small amounts of γ-asarone (2.0-2.3%), (Z)-methyl isoeugenol (1.5-2.0%), and linalool (0.2-4.3%). Allelopathic testing of the rhizome oil showed inhibition of seed germination of Lactuca sativa and Lolium perenne with IC 50 values of 450 and 737 µg/mL, respectively. The rhizome essential oil demonstrated stronger seedling growth inhibition of L. perenne than of L. sativa, however. The rhizome oil also showed notable brine shrimp lethality (LC 50 = 9.48 µg/mL), cytotoxic activity (92.2% kill on MCF-7 cells at 100 μg/mL), and antifungal activity against Aspergillus niger (MIC = 19.5 µg/mL).
Acorus calamus L., "sweet flag" (Araceae) is a perennial, semiaquatic plant indigenous to Asia, but now found growing in temperate and sub-temperate zones of Europe, East Asia, and eastern North America [1, 2] . The rhizome of A. calamus has been used medicinally since Hippocrates [1] and previous studies have shown that the rhizomes of A. calamus possess several medicinally and pharmacologically important properties [2, 3] . In the Ayurvedic medicine, A. calamus rhizomes are used as antispasmodic, carminative, and anthelmintic therapeutics and have been used to treat disorders like epilepsy and various psychological disorders [4] . Additionally, in Lithuania A. calamus has been used for treating diarrhea, dyspepsia, and neuralgia [5] . Although (Z)-Asarone (C 12 H 16 O 3 ) is the major constituent of the essential oil [2] , diploid forms of the plant species have been previously reported to be devoid of the compound [6] . It is known for its strong antifungal and antibacterial properties while the toxicity and carcinogenicity has limited the commercial use of (Z)-Asarone [7] .
Essential Oil Compositions:
Leaf and rhizome essential oils of A. calamus were obtained in 0.7% (P23), 0.4% (P24), 2.0% (P19), and 1.5% (P22) product yields. A total of 46 compounds were identified accounting for 94.3% of sample P19, 37 compounds for 96.2% of sample P22, 26 compounds for 97.6% of sample P24, and 38 compounds for 94.1% of the oil composition of sample P23. All essential oils (Table 1) were dominated by the presence of (Z)asarone (78.1-86%). The essential oils also contained (E)-asarone (1.9%-9.9%) and small amounts of γ-asarone (2.0-2.3%), (Z)methylisoeugenol (1.5-2.0%), and linalool (0.2-4.3%). A. calamus essential oils from Nepal, therefore, are qualitatively similar to previously reported samples from India [4, 8, 9] , but notably different from samples from Mongolia [10] or Lithuania [5] . Large chemical variations have been noted in A. calamus oils with (Z)asarone dominating Indian oils, lesser amounts of (Z)-asarone in European oils, and no (Z)-asarone in American varieties [2] .
Allelopathic Activity: A. calamus rhizome oil (P19) showed notable germination inhibition on both lettuce (Lactuca sativa) and perennial rye grass (Lolium perenne) seeds ( Table 2 ). The IC 50 values for germination inhibition were determined to be 450 μg/mL and 737 μg/mL, respectively, for L. sativa and L. perenne. Thus, lettuce germination was more susceptible to inhibition by A. calamus oil. Interestingly, however, L. perenne seedlings showed greater growth inhibition, both radicle and hypocotyl elongation, than L. sativa (see Figure 1 ).
Both the growing plants [11] as well as aqueous extracts [12] of A. calamus have previously shown allelopathic activity against the phytoplankton Microcystis aeruginosa and Chlorella pyreniodosa. A "sandwich method" of allelopathic screening using A. calamus dried leaf litter showed little allelopathic activity against lettuce (L. sativa) [13] . These previous works, however, did not provide phytochemical information about the extracts or leachates used.
Brine Shrimp Lethality, Cytotoxicity, Antifungal Activity: A. calamus rhizome oil (P19) showed notable activity in the brine shrimp (Artemia salina) lethality test (LC 50 = 9.48 µg/mL), in-vitro cytotoxic activity on MCF-7 cells (92.2  5.1% kill at 100 μg/mL), and antifungal activity against Aspergillus niger (MIC = 19.5 μg/mL). The high concentration of (Z)-asarone in A. calamus oil is likely responsible for the biological activities observed. Crude extracts of Indian A. calamus leaf and rhizome as well as (Z)-asarone itself have shown antifungal activities [7, 14] while Lithuanian A. calamus leaf oil, 16-25% (Z)-asarone, showed low antifungal activity [5] . Crude ethanol extracts of A. calamus rhizome had previously demonstrated in-vitro cytotoxic activity against several human and murine cell lines [15] . (Z)-Asarone has also shown anthelmintic [9, 16] as well as insect antifeedant and growth inhibitory activities [17] . Although present in only 2.3% in sample P19, γ-asarone had previously shown antifungal activity [18] and may, therefore, contribute to the bioactivity of A. calamus oil.
The allelopathy and lethality results from our present study complement previous studies on Acorus calamus and suggest the potential utility of A. calamus in both agricultural as wells as medical fields. 
Gas Chromatographic -Mass Spectral Analysis:
The essential oils of A. calamus were analyzed by GC-MS using an Agilent 6890 GC with Agilent 5973 mass selective detector, an HP-5ms fused silica capillary column, and an Agilent ChemStation data system as described previously [19] . Identification of the oil components was based on their retention indices (RI) and by comparison of their mass spectral fragmentation patterns with those reported in the literature [20] . The essential oil compositions of P19, P22, P23 and P24 A. calamus from Nepal are summarized in Table 1 .
Phytotoxicity Assays: An allelopathic bioassay based on lettuce (Lactuca sativa) and perennial rye grass (Lolium perenne) germination and subsequent radicle and hypocotyl growth was measured to study the effects of the essential oil of A. calamus oil
